Purpose -The purpose of this study is to develop new Al-based bearing alloys which have better properties than classic commercial bearing materials and to analyze tribologic properties of these alloys under dry sliding conditions experimentally. Design/methodology/approach -Four different aluminium alloys were produced with casting method and tested on pin-on-disc wear testing machine. Friction coefficients and weight losses of the samples were determined under various working conditions in consequence of the experiments. Hardness, surface roughness, and surface temperatures of the samples were measured. Findings -The results of the experiment show that friction coefficients vary by surface pressure and sliding speed. Al15Pb3.7Cu1.5Si1.1Fe and Al15Sn5Cu3Si alloys have lower friction coefficient values than other alloys. Al8.5Si3.5Cu alloy has the biggest wear resistance. Al15Pb3.7Cu1.5Si1.1Fe and Al15Sn5Cu3Si alloys are the most worn materials. Al8.5Si3.5Cu alloy has the lowest wear rate. Research limitations/implications -When the comparison was done between commercial Al alloys and developed Al alloys in this study, it was seen that Al15Sn5Cu3Si and Al15Pb3.7Cu1.5Si1.1Fe alloys have lower friction coefficient values than other commercial alloys. Practical implications -The effects of the elements except aluminium composing alloys upon tribologic properties were analyzed. Some of the alloy elements were seen to improve tribologic properties whereas some downgrade. When the results are evaluated, Al15Sn5Cu3Si and Al8.5Si3.5Cu alloys containing Si and Sn can be preferred among the aluminium alloys that will work under dry sliding. Originality/value -This paper reveals new bearing materials. These alloys can be used in journal bearings.
Introduction
Mostly copper-, aluminium-, zinc-, lead-and tin-based alloys are used in journal bearings. Recently, aluminium can be used in same load ranges with tin-bronzes containing white metal and lead. Al-based bearings have higher fatigue strength than white metal bearings and can be used in higher working temperatures. Aluminium alloys have better properties like low cost, resistance to corrosive effects, co-activation with steel shafts, high thermal conductivity, high pressure and fatigue strength, lightness, embeddability, and workability than other bearing materials. Internal combustion engines consumed low fuel with high performance need bearings that will work in hard conditions. Therefore, bearings used in engines are expected to work when the lubricant film layer between shaft and bearing is very thin with high load and temperature. The biggest problem occurring in classic bearing materials is low wear resistance. Thus, aluminium-based alloys are developed to use in high performance engines. Lately, in automotive industry, Al-based bearing materials have been preferred instead of white metal and copper alloys in crankshaft bearings.
In 2000 Desaki et al. hereof used the Al-Sn-Si alloy that contains Si hard grains scattered in matrix as Al-based bearing alloy in their works. This alloy was improved as a bearing material with high wear resistance. Addition of Si into Al increases wear resistance and hard Si particulates increase hardness (Desaki et al., 2000) . Kim et al. produced Al-Pb and Al-Pb-Cu-Mg alloys after melting in induction furnace and by cooling it quickly by means of gas atmosphere as it is in liquid form and without segregation. It was seen the Al-16Pb alloy is the material with the best wear resistance among others (Kim et al., 2000) . Zhu et al. states that mechanical alloying is the effective way of enhancing microstructure and wear properties of Al-Pb alloys. The wear properties were characterized by using block-disc type wear testing machine under dry sliding conditions and by defining volumetric wear amount and rate. The wear properties of Al-Pb alloys produced with mechanical alloying were seen to be better than those produced with powder metallurgy or casting. It was determined that the more Pb content decreases wear rate (Zhu et al., 2000) .
In 2002 An et al. made studies on the effect of the production method of Al-based bearing alloys upon wear behavior. It was seen in the analysis made in pin-on-disc testing machine and under dry sliding conditions with Al-SiCu-Pb alloys in different compositions produced with direct casting and hot extrusion after casting that samples produced with extrusion have better wear resistance than those which are castings. Decrease in wear level was determined with increasing Pb content. It was stated that this situation stems from black lubricant film that occurs on the worn surface . Zhu et al. characterized the wear properties of Al-Pb-Cu alloys produced with mechanical alloying, under dry sliding conditions and by measuring volumetric wear loss. Addition of Cu has remarkable influence upon wear properties of mechanical alloyed Al-Pb alloys. The alloy containing 4.5 per cent Cu has the lowest wear loss. Wear of mechanical alloyed Al-Pb-Cu alloys increases somewhat when the load is boosted in low loads. It was observed that in high loads, addition of Cu increases wear more (Zhu et al., 2002) .
Later on, An et al. analyzed tribologic behaviors of Al-Si-Pb alloys under dry sliding condition and in various temperatures, using pin-on-disc type testing apparatus. Hot extruded Al-Si-Pb alloys containing 20-25 per cent Pb, as a function of applied load, appeared to have better friction and wear characteristics than the alloys which does not contain Pb in room temperature. A decrease in the alloy containing 25 per cent Pb was seen in wear rate and friction coefficient values with the increasing load. The reason of this was defined to be a layer consisted of Al 2 O 3 , Pb 4 SiO 6 , and Fe 2 O 3 compounds covering the whole wear surface .
In 2004, Wang et al. analyzed the effects of Si content under dry sliding conditions upon wear properties of Al-Si alloy. Here, Al-Si alloys in different compositions were produced with spray atomization and deposition methods. Wear resistance of alloys was analyzed using pin-on-disc wear testing device. Increase of Si content in low loads decreased wear rate. Increase of Si content in high loads has more priority than the alloys containing low amount Si in point of wear resistance (Wang et al., 2004) . Dwivedi et al. analyzed the wear and friction behaviors of metal form casting Al-Si alloy under dry sliding condition, depending on Cu content. It was ascertained that addition of Cu does not affect corrosion wear resistance in low loads much, but there is an increase in wear rates of the alloys containing 3-5 per cent Cu especially in high loads. Besides, increase of the load caused low wear rates increase gradually and a rapid increase in wear rate after a critical loaded. This load was defined as transition load and the transition load increased with addition of Cu .
Dwivedi analyzed the wear behavior of Al-Si alloys produced with casting. Using pin-on-disc wear testing device under dry sliding conditions, the effects of added alloy elements (Ni, Cu, Mg, and Fe) on wear behaviour of Al-Si alloy were analyzed. In the research, it was seen that addition of alloy elements decrease the wear rate, and increase the transition load (Dwivedi, 2006) . Lately, Rodriguez et al. have analyzed the wear behaviors of aluminium-lithium alloys reinforced with silicon particulates under dry sliding condition. Wear tests were done under various pressures and temperatures. It was observed that wear rate increases twice as much when temperature is over a specific value. Nominal pressure on surface acts an important part in increase of wear amount (Rodriguez et al., 2007) . Ghazali et al. analyzed the wear of wrought aluminium alloy under dry sliding condition. Using high purity aluminium on counter surface in testing device, chemical adhesive wear was tried to be decreased. A severe wear was observed in all loads. Hardness of aluminium alloy is of great importance in wear mechanism (Ghazali et al., 2007) . Rao et al. analyzed the wear mechanism of grain refined aluminium with steel disc under dry sliding conditions. Using Al-Ti, commercial pure aluminium was grain refined. The grain refinement process was seen to be significantly effective on transfer of the iron in steel disc of the device to the worn surface of the sample. It was clarified that there occurs more wear loss in unwrought aluminium material than grain refined aluminium material (Rao et al., 2008) . Aung et al. tested AZ91D alloy containing magnesium and aluminium in pin-on-disc apparatus, under dry sliding conditions. It was deduced that increase in sliding speed causes variations in friction coefficients, and abrasive wear occurs in low sliding speeds. The highest wear rate value appears in case of abrasive wear (Aung et al., 2008) .
One of the most important problems with conventional aluminium alloys bearings used in automotive engines is the low wear resistance. The purpose of this study is to develop new Al-based bearing alloys which have better properties than classic commercial aluminium bearing materials and to analyze tribologic properties of these alloys under dry sliding conditions experimentally. Thus, four different aluminium-based bearing materials were developed and tested. The effects of the elements except aluminium composing alloys upon tribologic properties were analyzed. Some of the alloy elements were seen to improve tribologic properties whereas some downgrade.
Experimental procedure
2.1 Apparatus TE 53 Slim model pin-on-disc wear testing device which produced in pursuance of ASTM G77 standards by Phoneix Tribology Ltd were used in analysis of friction and wear behaviours of test samples. The disc used in testing device represents the shaft and the sample represents the bearing. Rotational speed of shaft can be adjusted with the key in control unit. The speed capacity of the device is 50-850 rev/min and its load range is between 50 and 750 N. 
Test conditions
Samples were tested in various loads and speeds. In the experiments made, it was worked out in 0.6, 1.2, 1.8, and 2.4 m/s (200, 400, 600, and 800 rev/min) speeds and in 0.231, 0.489, 0.630, 0.817, and 1.036 N/mm 2 surface pressures. Samples were scaled during the 10 h of work in order to define the wear loss. Thus, 68 km of sliding distance was obtained in each sample, in consequence of this process. Wear tests were done under dry sliding conditions, in 1.8 m/s speed and in 70 N normal loads. During the study, friction force was recorded and sample temperature was measured as 8C with infrared thermometer. Tests were done in 228C and in a 50 per cent relative humidity.
2.3 Tested materials and procedure 2.3.1 Tested materials (a) Al-Si bearing alloys. Al-Si alloys are widely used in engineering applications as they have good mechanical properties, tribologic properties, and properties like excellent corrosion resistance, high fatigue strength, low expansion characteristic, and high resistance/weight rate (Pathak et al., 1997) . On working in low loads, Si content does not have much effect on wear resistance. But, in general, addition of Si into aluminium in normal loads increases wear resistance. The main effect of hard Si particulates is that they intensify hardness (Feyzullahoglu and Sakiroglu, 2010) . Hard Si particulates covered by soft and full matrix increase the toughness of material and wear resistance, improving plastic behavior (Wang et al., 2004) . High performance bearing materials are developed by adding a metal soft and having low melting temperature like Pb into Al-Si alloys. In previous studies, it was observed that wear rate of Al-Si and Al-Si-Pb alloys decreases with increasing Si and Pb contents and their load carrying capacities increase (Pathak et al., 1997) . It was also observed that addition of Cu and Mg into Al-Si alloys increases hardness and wear resistance .
(b) Al-Pb bearing alloys. The aluminium alloys containing lead is an important alternative to those containing tin for their cost. Besides, lead is more effective in soft phase alloying than tin as it provides higher scratch and friction characteristics. For its better bearing materials, Al-Si alloys are preferred instead of classic bearing materials. Al-Pb alloys are the leading of Al-based bearing materials in which Pb is soft phase. Generally, homogenic spread of soft phase in aluminium matrix is quite essential for wear properties (Zhu et al., 2002) . Recently, high engine temperatures require the use of materials with higher melting point and soft phase rather than classic bearing materials like Cu-Sn-Pb or Al-Sn. This problem can usually be solved by using Al-Pb alloys .
(c) Al-Sn bearing alloys. Al-Sn alloys are used as bearing material for a quite long time. These alloys have high resistance and excellent surface properties. Whereas the compatibility of Al-Sn alloy is close to tin-based white metals, the fatigue strength of white metals is higher. In aluminium alloys Sn is found as Al and Sn composition zones. In these zones free Sn grains disperses in aluminium matrix. (Lepper et al., 1997) .
In commercial alloys, Si can be added to improve strength and toughness. These alloys have high wear resistance. The alloys which contain 11 per cent silicon were used for highly loaded diesels in Europe. Silicon and cadmium were added to aluminium alloys for improved compatibility (Khonsari and Booser, 2001 ).
Production of tested materials
Four different samples consisting of three types of aluminium alloy and commercial pure aluminium (97 per cent) were worked on (Feyzullahoglu and Sakiroglu, 2010) .
Alloy-1. Al8.5Si3.5Cu alloy was produced after the material kept in 8008C in induction furnace was casted into a cylindrical metal die and hardened with rapid cooling. This material is an aluminium alloy containing mostly Si.
Alloy-2. Al15Sn5Cu3Si alloy was melted by adding commercial Al-Si alloy and tin after induction furnace was heated up to 7008C. After the tin became melt, temperature was increased over 1,0008C and then copper was added. The molten metal was casted into metal die and hardened by leaving it to cool in the air. This material is an aluminium alloy containing mostly Sn.
Alloy-3. Al15Pb3.7Cu1.5Si1.1Fe alloy was produced by casting Al3.7Cu1.5Si1.1Fe alloy melted in induction furnace into metal die and adding lead into liquid alloy in the die and then hardening with cooling method. This material is an aluminium alloy containing mostly Pb.
Alloy-4. This alloy was provided ready-made as commercial pure aluminium (97 per cent Al).
Chemical analysis of tested materials
Taking samples after casting of alloys, their chemical compositions were defined with Spectro Spectramax spectrometer device (Table I) 
Results

Microstructure of tested materials
In Figure 2 (a), 50 £ zoomed grain structure of Al8.5Si3.5Cu alloy is seen in optical microscope after etching. The grayish areas in the zone left in coarse grains are the Si particulates. The Si particulates in structure are separated and surround the grains. The grains and grain limits of commercial pure Al were identified in 50 £ zoom, in optical microscope after etching (Figure 2(b) ). It is observed that the grains which occur recently after hardening are quite big and increase independently from each other.
As seen in Figure 3 (a), Al15Pb3.7Cu1.5Si1.1Fe shows the typical casting structure. The phase rich of aluminium are demonstrated in light color; those rich of lead are in dark. A typical dendritic structure appeared in Al15Sn5Cu3Si alloy, after etching in 20 £ zoom in optical microscope (Figure 3(b) ). This dendritic structure is found in all aluminium alloys. In the structure, Si particulates are dark gray, cornered and in the mesh among dendrites.
Hardness of tested materials
Hardnesses of tested samples were shown in Table II . As seen in the table, Al8.5Si3.5Cu alloy containing more Si is the hardest, and commercial pure Al is the softest sample.
Friction measurements of tested materials
In Figures 4 and 5 , the relationship between surface pressure and friction coefficient of alloys under dry sliding condition are shown. Analyzing the graphs, it is observed that friction coefficient decreases as surface pressure increases. As seen on friction coefficient-surface pressure graphics under dry sliding condition, Al15Sn5Cu3Si alloy has the lowest friction coefficient value in all speeds, which is very obvious especially in 2.4 m/s sliding speeds. Friction coefficients of commercial pure Al and Al8.5Si3 .5Cu are at the highest values among alloys. It was not seen changing on friction coefficient data at different sliding speeds.
In Figures 6 and 7 variation of friction coefficient in minimum and maximum surface pressures in comparison with sliding speed were shown. In friction coefficient of commercial pure Al, there occurs a decrease with the increase of sliding speed that is similar to friction coefficient-surface pressure relationship. An increase is observed in friction coefficients of Al15Pb3.7Cu1.5Si1.1Fe and Al15Sn5Cu3Si alloys in maximum pressure (1.036 N/mm 2 ) as the sliding speed rises. The lowest friction coefficients in either graph are found in Al15Sn5Cu3Si alloy. The increase in friction coefficient at different contact pressures was investigated. Increase in friction coefficient with sliding speed is more in maximum pressure than minimum pressure.
Considering all findings, friction coefficient of commercial pure Al is higher than other alloys and that of Al15Sn5Cu3Si alloy is lower.
Wear measurement of tested materials
In Figure 8 , weight loss and sliding distance relationship in dry sliding condition is shown. The biggest weight loss appears in Al15Sn5Cu3Si alloy. Al8.5Si3.5Cu is the least worn alloy. In dry sliding condition, the weight loss that occurs as a result of wear in alloys increases regularly with sliding distance.
Wear rate was estimated by the formula below (Zhu et al., 2000) : 
As seen in Figure 9 , the lowest wear rate under dry sliding condition is found in Al8.5Si3.5Cu alloy. As seen in Figure 10 , a rapid increase occurs when, initially, the contact begins in the temperatures of alloys in ambient temperature. Then the rapid increase in temperature goes down. Here, the highest temperature increase appears in commercial pure Al; the lowest in Al15Sn5Cu3Si alloy. In Figure 11 (b), the wear surface is shown which occurred as a result covering and friction layers of commercial pure Al sticked together. Light scores and deep traces on the wear surface of Al15Pb3.7Cu1.5Si1.1Fe were shown in Figure 12 (a). Deeper and more severe wear traces were encountered on the wear surface of Al15Sn5Cu3Si alloy (Figure 12(b) ).
Surface roughness
Roughness values of wear surfaces of alloys under dry sliding conditions were shown in Table III and Figure 13 . The biggest roughness value under dry sliding condition is found in Al15Sn5Cu3Si alloy with 8.29 mm.
Discussion
Analyzing hardness values in this study, hardness value of commercial pure Al was seen to be lower than other aluminium alloys (Table II) . The alloy materials such as Si, Cu, and Fe are effective on hardness values. Here, the highest hardness value was found in Al8.5Si3.5Cu alloy which has the most Si content. This alloy contains 3.5 per cent Cu also. Besides, addition of Cu has great importance in respect of the increase of hardness values of alloys Rodriguez et al., 2007; Feyzullahoglu and Sakiroglu, 2010) .
Friction coefficients of alloys decrease as the pressure on contact surface increase (Figures 4 and 5) . The dark film that occurs on friction layers of surface as the pressure increases is quite effective on decrease of friction coefficient (Dwivedi, 2004) . The roughnesses on contact surface during sliding become plastic-deformed in consequence of exceedance of yield strengths. These roughnesses on surface are oxidized and separated from surface due to the temperature increase caused by friction. These particulates adhere again to the surface during sliding with adhesion force. Thus, friction layers occur (Prasad, 2003) . Surface pressure and temperature increase in runtime. These layers that stuck on wear surface cause friction coefficient descend by decreasing metal-metal contact, in other words, cause friction and wear behaviors improve (Lepper et al., 1997; An et al., 2002 An et al., , 2004 . Al8.5Si3.5Cu
Commercial pure Al Al15Pb3.7Cu1.5Si1.1Fe
Al15Sn5Cu3Si
In friction coefficient graphs, Al15Sn5Cu3Si and Al15Pb3.7Cu1.5Si1.1Fe alloys have lower friction coefficient values than commercial pure Al and Al8.5Si3.5Cu alloy, which can be described with microstructure of material. The microstructure in Al-Pb and Al-Sn bearing alloys consists of hard Al matrix and dispersed Sn or Pb soft phases. Hard phase improves the soft phase sliding properties as carrying bearing loads. Soft phase is also described as lubricant phase. Soft phase forms a thin film by adhering onto counter hard surface, thus decreases friction and wear acting as lubricant (Zhu et al., 2002; An et al., 2004) . This case was observed in aluminium alloys containing 15 per cent Pb and 15 per cent Sn. The Al8.5Si3.5Cu alloy, which was seen to have the highest hardness value in consequence of wear tests, is the least worn material with a loss of 7.3 per cent by weight (Figure 8 ). It is known that under dry sliding conditions, wear behaviors of materials are depend on material properties like strength, hardness, and internal structure. Superior wear behavior of Al8.5Si3.5Cu alloy results from its microstructure. Hard Si phase provides an excellent wear resistance for this alloy. The Si particulates covered by ductile and firm aluminium matrix increase the toughness of material and provide resistance towards wearing by preventing plastic deformation. That Cu is found in structure increases the rate of intermetallic Si phase and, thus, wear resistance (Wang et al., 2004; Dwivedi, 2004) . The Sn and Pb phases found as soft phases in microstructure of Al15Pb3.7Cu1.5Si1.1Fe and Al15Sn5Cu3Si alloys are ductile and low strength. These phases decrease wear resistance by increasing ductility of alloy. Thus, the alloy is worn more (Figure 8 ).
That the commercial pure Al with the lowest hardness in this study loses lesser weight than Al15Pb3.7Cu1.5Si1.1Fe and Al15Sn5Cu3Si alloys under dry sliding conditions indicates that wear behaviors of alloys are not always depend on mechanical properties like hardness and strength. That the commercial pure Al is less worn is dependent on wear mechanism occurring during friction. On analyzing wear surface images, wear surface of commercial pure Al is seen to be totally different from those of others. It was determined that surfaces of Al8.5Si3.5Cu and Al15Pb3.7Cu1.5Si1.1Fe alloys are similar to each other and there are thick, light traces, and deep traces here and there (Figures 11 and 12 ). Wear traces in Al15Sn5Cu3Si alloy are wider and deeper. But there were observed layers as adhered when looked upon wear surface of commercial pure Al. Effective wear mechanism occurring in the alloys of here are abrasive wear, while there is adhesion wear in commercial pure Al. The material worn by cutting mechanism is separated from surface in aluminium alloys; but the particulate detached from surface due to wear is adhered on surface again in commercial pure Al. Therefore, the weight loss occurred in commercial pure Al is less despite its low hardness value (Figure 8 ).
In general, the wear rate is greatly affected by applied load and sliding conditions. It is shown in wear rate graph that wear rate of commercial pure Al decrease with sliding distance. This decrease is because the material loss in commercial pure Al after wear is not much. Wear rate of alloy depends upon the hardness of alloy. The harder the alloy is, lesser it gets worn out in the unit time. On the other hand, that Al8.5Si3.5Cu alloy has the lowest wear rate is another proof of high wear properties of this alloy (Figure 9 ). Wear rate of Al15Sn5Cu3Si alloy is at first low. That wear rate increased over time might have happened when deep traces occurred on wear surface. The biggest and deepest wear traces occur on this alloy. That a big amount of material detached from surface provided wear rate to increase. Prasad, 2003 and Aung et al., 2008 , in their studies, observed that wear rate varies likewise.
Because mechanical properties of material and surface oxidation are affected by temperature, the temperature at surface can be important in explaining the friction and wear. It was observed there was a rapid increase in temperature at the beginning, and this increase descended over time. Friction is quite severe at first. The increase occurred due to friction in temperature values here forms oxide and friction layers on the surface of material. These layers descend temperature increasing over time showing lubricant characteristic (Dwivedi, 2004 (Dwivedi, , 2006 . There occurred more temperature increase in temperature-time curve of Al8.5Si3.5Cu alloy and commercial pure Al of which friction coefficients are high than other two alloys (Figure 10 ). The temperature increase of Al15Sn5Cu3Si and Al15Pb3.7Cu1.5Si1.1Fe alloys which have low friction coefficients due to their good sliding properties is less. Further, that the Al15Sn5Cu3Si alloy which has the lowest friction coefficient value keeps the lowest temperature increase indicates that increase in temperature is related with friction coefficient.
It was observed that the most worn Al15Sn5Cu3Si alloy has the highest roughness value when roughness values of wear surfaces of samples were analyzed ( Figure 13 ). This is resulted from chemical compound and mechanical properties of materials. Wear quantity is little as contact surfaces of higher strength alloys are less deformed. There are deeper wear traces and damages, which increase surface roughness values, on sliding surface of low strength Al15Sn5Cu3Si alloy than Al8.5Si3.5Cu alloy.
Sveda et al. investigated the friction coefficients of different aluminium alloys under dry sliding. The different friction coefficients were obtained. Friction coefficients were m ¼ 0.62 for cast Al-Si alloy, m ¼ 0.53 for Al-Si-Pb alloy, and m ¼ 0.54 for Al-Cu-Mg-Sn alloy in their study (Svéda et al., 2005) . Friction coefficient of commercial pure Al was m ¼ 0.47 under dry sliding (Booser, 1997) . In this study, friction coefficient values were obtained for different aluminium alloys (Table IV) . It was observed that the Al15Sn5Cu3Si alloy has the lowest friction coefficient value. When the comparison was done between commercial Al alloys and developed Al alloys in this study, it was seen that Al15Sn5Cu3Si and Al15Pb3.7Cu1.5Si1.1Fe alloys have lower friction coefficient values than other commercial aluminium alloys (Lepper et al., 1997; Booser, 1997; Svéda et al., 2005) .
Conclusions
The main conclusions drawn from the present work are as follows:
. Al15Pb3.7Cu1.5Si1.1Fe and Al15Sn5Cu3Si alloys, under dry sliding condition, have the lowest friction coefficient values by the influence of Sn and Pb they contain, and possess superior tribologic behavior than other alloys analyzed.
. Al8.5Si3.5Cu alloy has the biggest wear resistance under dry sliding condition with the least weight loss. Al15Pb3.7Cu1.5Si1.1Fe and Al15Sn5Cu3Si alloys are worn more and show low wear resistance.
. Under dry sliding condition, Al-Sn alloy has better lubricant properties than Al-Pb alloy.
. Al8.5Si3.5Cu alloy, containing 8.5 per cent Si, has the highest hardness value.
. Al8.5Si3.5Cu alloy has the lowest wear rate.
. Temperature increase in Al8.5Si3.5Cu and commercial pure Al alloys is more than other alloys. When the above mentioned results are evaluated, Al15Sn5Cu3Si and Al8.5Si3.5Cu aluminium alloys containing Sn and Si can be preferred among the aluminium alloys that will work under dry sliding.
Current trends in the development of improved bearing materials are related to environmental and health concerns and to changes in engine design. Recently Al-Sn alloys have 
